Surveying of the species throughout Thailand revealed 13 identified and one unidentified species including D. aurea, D. excelsa, D. grandifolia, D. hookeri, D. indica, D. obovata, D. ovata, D. parviflora, D. pentagyna, D. philippinensis, D. pulchella, D. reticulata, D. suffruticosa and Dillenia sp. They were phylogenetically examined based on RAPD profiles of 2,290 discrete characters including a monomorphic and 226 polymorphic characteristics. The phylogenetic relationships calculated from theses banding data show that the intraspecific genetic similarity (S) values ranged from 0.990 to 1.000, and the interspecific S values ranged from 0.520 to 0.790. The RAPD method can be effectively used in Dillenia study. However, its quality of unreproducible method, it cannot be reasonable used in any study on specific genes or areas. In additions, sequences from two molecular regions, rbcL gene and psbA-trnH spacer, were analyzed and determined for genetic distances. The rbcL gene sequences were rather ineffective, as all of the paired species displayed no or low genetic distance values. 
Introduction
The genus Dillenia Linnaeus (1753: 535) in the family Dilleniaceae from Thailand were studied by Hoogland (1972) and the Office of the Forest Herbarium (2013), and following 11 species were recognized: D. aurea Smith (1806: 65) , D. excelsa Martelli (1886: 163) , D. grandifolia Wall. in Hooker & Thomson (1855: 71) , D. hookeri Pierre ex Gilg (1893: 125) , D. indica Linnaeus (1753: 535) , D. obovata (Blume 1825: 6) Hoogland (1951: 173) , D. ovata Wall. in Hooker & Thomson (1855: 70) , D. pentagyna Roxburgh (1795: 20) , D. parviflora Griffith (1854: 704) , D. suffruticosa Martelli (1886: 163) and D. reticulata King (1889: 367) . However, D. grandifolia was listed as a synonym of D. ovata by the Plant List (http://www.theplantlist.org/tpl1.1/record/kew-2768260).
Species of Dillenia have been consumed as food and used in traditional medicines in many countries. They are evergreen trees or shrubs, simple and alternate leaves, desolate or acropetalous with five sepals and petals and many of stamens. The fruit is dehiscent or indehiscent, edible, several seeds with or without aril. These species have been used in tribal and folk communities from East Asia for the treatment of multiple ailments and diseases (Dubey et al. 2009 , Alam et al. 2012 . Elephant apple, D. indica containing β-sitosterol, stigmasterol, and vitamin E showed antimicrobial (Loizou et al. 2010 , Gabay et al. 2010 , antioxidant (Yeshwante et al. 2009 , Muhit et al. 2010 , anti-inflammatory (Parvin et al. 2011) , and antidiarrheal (Hussain et al. 2009 , Sunder et al. 2011 properties. Anticancer activity was reported from D. kerrii Craib (1911: 8) (Li et al. 2009 ) and D. philippinensis Rolfe (1884: 307) which also showed anti-Leishmanial activity (Macahig et al. 2011) . Additionally, D. obovata showed antimicrobial activity (Yap et al. 2013) . Based on previous researches in other plant groups (Cimanga et al. 2002 , Mitova et al. 2003 , Lu et al. 2006 , Jegadeeswari et al. 2012 , Mariajancyrani et al. 2014 , the chemical composition of various Dillenia extracts can be successfully determined using gas chromatography-mass spectrometry (GC-MS). 240 • Phytotaxa 296 (3) © 2017 Magnolia Press
Medicinal plants have been used in natural and modified forms, such as dried sliced plant parts, powder and capsules, which are difficult to recognize by morphological characters. Therefore, reliable identification methods for these plant forms should be developed. DNA barcoding is the most reliable and applicable method for overcoming this problem (Hebert et al. 2003 , CBOL Plant Working Group 2009 , Hollingsworth et al. 2011 . Several research groups suggested appropriate DNA barcoding regions in some plant groups, such as the matK gene (Siripiyasing et al. 2012 , the rbcL gene , Kwanda et al. 2013 , and the psbA-trnH spacer region . Standard barcodes used for most plant groups are matK gene, rbcL gene, psbA-trnH spacer, and ITS region identified by the CBOL Plant Working Group (2009), Chaveerach et al. (2011 ), Hollingsworth et al. (2011 and Monkheang et al. (2011) .
Another molecular technique used for plant systematics is DNA fingerprinting based on various methods, especially random amplified polymorphic DNA (RAPD). These genetic variation markers are generally independent of environmental factors and more numerous than phenotypic characteristics, thereby providing a clearer indication of the underlying variation in the genome. The banding patterns reveal genetic variations/relationships through cladogram construction. Homology, a concept critical to cladistics, can be defined as the similarity/distance resulting from common ancestry (Simpson, 2006) . This method has been used for many plant species as shown by Siripiyasing et al. (2013) , Chaveerach et al. (2014) , Sanubol et al. (2014) and Sudmoon et al. (2016) .
This study aims to construct a species specific DNA barcode for Dillenia species that is a reliable tool for labeling species using species-specific identification and ownership. Effective RAPD marker is concurrently being used to assess genetic relationships of the Dillenia species.
Materials and Methods

Plant Materials
The Dillenia species from Thailand have been found throughout Thailand and young leaves have been collected. Species identification was completed using the appropriate literature (Hoogland 1972) , and the plant names have been verified using The Plant List (http://www.theplantlist.org). Herbarium specimens were prepared for all of the collected species. The voucher specimens are kept at the Department of Biology, Faculty of Science, Khon Kaen University, Thailand (KKU). The plant information including voucher specimen numbers, collected areas and date of collection is shown in the Table 1 . 
DNA extraction
Whole genomic DNA was extracted using a Plant Genomic DNA Extraction Kit (RBC Bioscience) according to the manufacturer's protocols.
DNA fingerprinting by RAPD marker and dendrogram construction
Amplifications were carried out in 25 µl reaction mixtures consisting of GoTaq Green Master Mix (Promega), 0.5 μM primer and 5 ng DNA template. Fifty RAPD primers were screened and the 14 primers that successfully amplified clear bands were as follows (5′ to 3′): TGCCGAGCTG, GGGTAACGCC, GTTGCGATCC, CTGCTGGGAC, GTAGACCCGT, GGAGGGTGTT, TTTGCCCGGA, CCGCATCTAC, GATGACCGCC, TGTCTGGGTG, GGACCCAACC, GTCGCCGTCA, TCTGGTGAGG and TGAGCGGACA. The amplification was performed using a thermal cycler (Swift TM Maxi Thermal Cycler, Esco Micro Pte. Ltd.) with an initial denaturation at 94°C for 3 min; then followed by 35 thermal cycles of denaturation for 1 min at 94°C, annealing for 2 min at 40°C and extension for 2 min at 72°C; lastly, final extension for 7 min at 72°C was added. Amplification products were detected by 1.2% agarose gel electrophoresis in Tris-acetate EDTA (TAE) buffer and visualized using ethidium bromide staining. The resulting RAPD bands were used to construct a dendrogram using NTSY Spc version 2.1 (Rohlf 1998 ).
Amplification of the DNA fragments of rbcL and psbA-trnH spacer regions
Polymerase chain reactions (PCR) were performed with the following primer pairs (5′ to 3′): ATGTCACCACAAACAGAGACTAAAGC and GTAAAATCAAGTCCACCRCG (Wang et al. 2010) for the rbcL gene and TTATGCATGAACGTAATGCTC and CGCGCATGGTGGATTCACAATCC (Tate and Simpson 2003) for the psbA-trnH spacer region. The reaction mixture (30 µl) consisted of GoTaq Green Master Mix (Promega), 0.5 µM primers, and 10 ng DNA template. The following amplification conditions were used: a pre-denaturation at 94°C for 1 min; 35 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 1 min; and a final extension at 72°C for 5 min. The amplified products were subjected to 2% agarose gel electrophoresis in TAE buffer with ethidium bromide staining.
DNA sequencing and sequences analysis receiving nucleotide variations
The specific amplified fragments were sent for sequencing at the DNA Sequencing Unit, Faculty of Medicine, Ramathibodi Hospital, Bangkok, Thailand. The sequences were then analyzed using Blast tools (http://blast.ncbi. nlm.nih.gov/Blast.cgi). Sequences were aligned for each genome region to determine the genetic distance values by analyzing the nucleotide variations using the MEGA6 program (Tamura et al. 2013) . The program default parameters were used: evolutionary relationship was inferred using the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) method with bootstrap consensus tree inferred from 1,000 replicates. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. The evolutionary distances were computed using the Maximum Composite Likelihood method and are in the units of the number of base substitutions per site. Codon positions included were 1 st + 2 nd + 3 rd + Noncoding. All positions containing gaps and missing data were eliminated. Finally, the sequences were submitted to GenBank, and the corresponding accession numbers were given.
Results
In this study, thirteen Dillenia species were discovered, namely D. aurea, D. excelsa, D. grandifolia, D. hookeri, D. indica, D. obovata, D. ovata, D. parviflora, D. pentagyna, D. philippinensis, D. pulchella, D. reticulata, and D. suffruticosa, and one unidentified species lacking flowers was found (Figure 1 ). Of these, two species, D. philippinensis and D. pulchella, were newly reported for Thailand as imported species. Although D. grandifolia was treated by some authors as a synonym of D. ovata, we still use the name D. grandifolia until the identity of the plants has been supported by molecular data. The 14 different polymorphic primers used in the RAPD marker analysis produced 2,290 bands for 28 individuals from 14 species with an individual outgroup, Tetracera loureiroi (Finet & Gagnep. in Lecomte 1907: 16) Pierre ex Craib in Kerr (1922: 165) . RAPD analysis was successfully used to distinctly separate species with the UPGMA method to different dendrogram branches (Figure 2 ) constructed using the RAPD bands. The dendrogram shows that the high efficiency of the RAPD data used can clearly distinguish each species including the outgroup with the low genetic similarity of interspecific level and high genetic similarity of intraspecific level. The species were separated with the genetic similarity from 0.990 (in D. grandifolia and D. ovata) to 1.000 (in all of the studied pair species) and interspecific species genetic similarity ranged from 0.520 (D. suffruticosa and D. aurea 1) to 0.790 (D. ovata 1 and D. obovata 1, 2) as shown in Table 2 and summarized in Table 3 . Successful amplifications of DNA bands from the rbcL gene and psbA-trnH spacer produced approximately 600 base pair and 400 base pair products, respectively. Table 4 showed the GenBank accession numbers corresponding to the 48 sequences from the rbcL gene and psbA-trnH spacer regions for all 14 samples studied. The rbcL sequence was rather ineffective, as none of the following 13 species pairs displayed genetic distance values ( 
philippinensis (1) D.
philippinensis (2) D. pulchella ( 
philippinensis (2) D. pulchella (1) (Kwanda et al. 2013) . Additionally, the matK gene marker has been identified in some medicinal Piper species . According to the results from DNA barcoding, the nucleotide variations of the psbA-trnH spacer were rather effective, as only one pair (D. reticulata and D. parviflora) showed similar distance values of 0. The other pairs indicated rather high nucleotide variations, ranged from 0.006 (D. parviflora and D. grandifolia) to 0.376 (Dillenia sp. and D. indica) . In contrast, the nucleotide variations for the rbcL gene region were inefficient, displaying low values for many of the species pairs (Table 5 ). However, the values for Dillenia sp. were different when compared with other studied species (Tables 5 and 6 ) indicating a distinguish species from the 14 studied species. Additionally, the suggested synonym species, D. grandifolia and D. ovata, displayed a different species nucleotide variations levels of 0.002 and 0.019 for the rbcL gene and psbA-trnH spacer regions, respectively. Therefore, nucleotide variations within the species showed genetic distances of 0-0.003 in D. pulchella and 0-0.013 in D. philippinensis and D. suffruticosa for the rbcL gene and psbA-trnH spacer regions. The psbA-trnH spacer region can distinguish 92.86% (13 out of 14) of the studied species. The nucleotide variations of these two barcoding regions supported the finding that the two species, D. grandifolia and D. ovata were distinguished species based on the genetic similarity value and the dendrogram separation analyzed from DNA fingerprinting data. These plants were in the range of values for a different pair of species (0.600-0.610) and were supported by their location on different dendrogram branches. The DNA fingerprinting data showed intraspecific genetic similarity between 0.990 for D. grandifolia and 1.000 for all of the other paired species, whereas interspecific genetic similarity ranged between 0.520 for D. suffruticosa and D. aurea and 0.790 for D. ovata and D. obovata (Figure 2 and Table 6 ). Thus, based on the results from both nucleotide variations and DNA fingerprinting, D. grandifolia and D. ovata species were distinct Dillenia species. However, to contribute a taxonomic discretion, more individuals of the plants should be included.
RAPD is the effective method for studying on genetic diversities, similarities and distances due to the fact that it is the study throughout genome and has a large number of characters enough, here it was 226 characters which were reliable as described by Weier et al. (1982) and Simpson (2006) . Accordingly, there have been many publications that used RAPD in different fields as molecular systematics and environmental toxicology (for examples: Sudmoon et al. 2011 , Neeratanaphan et al. 2014 , Suwannakud et al. 2014 . In this study the RAPD method can effectively distinguish all Dillenia species (Figure 3) . However, its quality of unreproducible method, it cannot be reasonable used in any study on specific genes or areas.
This research is important for identifying plant species in Thailand. It uses nucleotide variations in barcoding markers to determine the specific species, especially the medicinal plants, which will allow for the sustainable and worldwide use of these species for the preparation of medicinal natural products.
